Background: Intraoperative low dose ketamine has been widely studied for postoperative multimodal analgesia. However, the effect of low dose ketamine on postoperative quality of recovery in female patients undergoing breast cancer surgery has not been studied. The primary aim of this study was to assess the effects of low dose ketamine on postoperative quality of recovery in these patients using the 40-Item Quality of Recovery (QoR-40) scale. The second aim of this study was to evaluate the effects of intraoperative infusion of low-dose ketamine on chronic postoperative surgical pain (CPSP). Methods: In this prospective, randomized, double-blind trial, 100 patients planned for modified radial mastectomy were randomly assigned to one of two groups: control group (group C) and ketamine group (group K). After induction of anesthesia and before surgical incision, a bolus dose of 0.5 mg/kg ketamine or an equivalent volume of normal saline was injected followed by 0.25 mg/kg/h ketamine or normal saline infusions until skin closure.
not improve overall quality of recovery or chronic pain in patients undergoing breast cancer surgery.
Background
Breast cancer is one of the most common cancers in women globally. Advances in diagnosis and treatment have significantly improved breast cancer survival rates. 1 To facilitate reintegration into society, effort has been made to improve the speed and quality of comprehensive recovery. Adequate control of acute pain after modified radial mastectomy is crucial for recovery, but chronic postsurgical pain (CPSP) after mastectomy is often underestimated and poorly recognized. 2 Indeed, the incidence of chronic and neuropathic pain after modified radical mastectomy is relatively high across surgery types. It often has a neuropathic component and continues to plague patients. 3 Thus, identifying effective treatments to promote patient recovery and reduce chronic pain is critical for breast cancer patients to reintegrate into society.
The use of multimodal analgesia for relieving post-operative pain can improve analgesia and reduce the incidence of opioid-related adverse events. Ketamine, an N-methyl-D-aspartate (NMDA) receptor antagonist, is increasingly used as an alternative for pain control during the acute perioperative period. A randomized, blinded trial reported that intraoperative ketamine significantly reduced morphine consumption after lumbar fusion surgery in opioid-dependent patients. 4 Further, low-dose (<1 mg/kg) ketamine may be beneficial for acute and chronic postoperative pain management. 5, 6 Ketamine interaction with NMDA receptors is involved in opioid-induced anti-hyperalgesia. Ketamine suppresses the induction of nitric oxide synthase activity and protein expression by endotoxins, and has protective anti-inflammatory effects against sepsis. 7 Modern anesthesia management has led to greater emphasis on post-operative outcomes. Technical measurements encompass assessment of time to awakening, length of hospital stay, nausea, vomiting, and pain control. The 40-Item Quality of Recovery Questionnaire (QoR-40) is sensitive to changes in health status and provides an overall health status measure after surgery and anesthesia. It is considered the best instrument for evaluating the complex and multidimensional process of postoperative recovery in the general surgical population. 8, 9 Although the effects of low-dose ketamine on the quality of recovery after laparoscopic cholecystectomy have been investigated, 10 few studies have assessed how low-dose ketamine affects quality of recovery and chronic pain after radial mastectomy. We hypothesized that low-dose ketamine would enhance patients' quality of recovery following modified radial mastectomy under total intravenous anesthesia. This study's primary objective was to assess the effects of low-dose ketamine on quality of recovery in patients undergoing modified radial mastectomy under remifentanil-propofol-based anesthesia using the QoR-40 questionnaire. The second objective was to evaluate the effects of intraoperative infusion of low-dose ketamine on mastectomy-induced chronic pain.
Methods

Subjects
We performed a prospective, randomized, double-blind clinical trial, which was approved by the Clinical Research Ethics Committee of the Affiliated Hospital of 
Intervention
Patients were randomly assigned to one of two groups based on computer generated codes that were maintained in sequentially numbered opaque envelopes: control group (group C) and ketamine group (group K). On the morning of surgery day, a responsible anesthesiologist who was not involved in patient evaluation opened the envelope and prepared either 0.5% ketamine or normal saline in 20 mL syringes, then labeled them as "study drug" for double-blind purposes. After induction of anesthesia and before surgical incision, a bolus dose of 0.5 mg/kg ketamine or an equivalent volume of normal saline was injected via a reliable intravenous catheter, followed by 0.25 mg·kg -1 ·h -1 ketamine or normal saline infusions until skin closure.
The ketamine diluents were mixed to concentrations of 5 mg/mL to ensure that all drugs were infused at a bolus of 0.1 mL/kg followed by 0.05 mL·kg -1 ·h -1 thereafter.
None of the investigators involved in patient management or data collection were aware of the group assignments.
Anesthetic Management
All patients fasted for at least 6-8 hours before surgery. After entering the operating room, the venous access was opened. Heart rate (HR), blood pressure (BP), pulse oxygen saturation (SpO 2) , and electrocardiogram (ECG) were routinely monitored. Anesthesia was induced with midazolam (0.05 mg/kg), etomidate (0.3 mg/kg), sufentanil (0.5 ug/kg) and rocuronium (0.6~1 mg/kg). The tracheal intubation was performed under the visual laryngoscope, and the ventilator was connected with the tidal volume of 8 ml/kg. The respiratory rate was adjusted to maintain the end-expiratory CO 2 partial pressure at 35-45 mmHg. Propofol (4-6 mg·kg -1 ·h -1 ) and remifentanil (0.3 μg·kg -1 ·min -1 ) were used for anesthesia maintenance. Depth of anesthesia was titrated by adjusting the dose of propofol and remifentanil to maintain mean arterial pressure and heart rate within 20% of the pre-induction values. According to the surgical situation, the muscle relaxant is added, and no volatile anesthetic is used for induction and maintenance. All anesthetics were discontinued at the end of the suture. The tracheal tube can be removed when the patient regained consciousness and the desired tidal volume was achieved. The patients were then transferred to the postanesthetic care unit (PACU). The patient-controlled analgesia (PCA) pump was not routinely placed after the operation, and the doctor in the ward gave an appropriate amount of flurbiprofen axetil or dezocine according to the patient's pain complaint.
Primary Outcome
The primary end point of the study was the global QoR-40 score on postoperative day 1 (POD 1).
Secondary Outcomes
The secondary end points included the effects of intraoperative ketamine on CPSP at 3 months after modified radical mastectomy. Simultaneously, vital signs during the anesthetic period, including heart rate, peripheral oxygen saturation, and mean arterial pressure were measured and recorded at three time points (10 min after ketamine infusion [T1]; moment of extubation [T2]; 10 min after extubation [T3]).
Other perioperative data such as adverse reactions to ketamine, postoperative remedial analgesia and the number of patients who received chemotherapy and radiotherapy were also recorded.
Outcome Assessment
A researcher who was unaware of the group assignments visited each patient to administer the QoR-40 survey the day before surgery and on POD1.
QoR-40 is a self-scoring questionnaire that examines the conditions associated with patients' recovery, including five dimensions: physical comfort, emotional state, physical independence, psychological support and pain, for a total of 40 items. The scores of each item are added together as the final total score. The lowest score is 40 points and the highest score is 200 points, the higher the score, the better the patients recover.The QoR-40 survey has been widely used and validated for patients undergoing a variety of surgical procedures.
Three months postoperatively, a phone-based questionnaire was conducted to assess the presence or absence of persistent pain, intensity, and character of pain.
Prevalence of pain was assessed dichotomously with yes/no questions. Intensity was assessed using NRS, where we interpreted 1-3 as light pain, 4-6 as moderate pain, and 7-10 as severe pain. Chronic pain was also assessed using the douleur neuropathique 4 (DN-4) questionnaire, whereby scores of ≥4 were indicative of pain with neuropathic characteristics. 11 
Statistical Analysis
All continuous variables data were assessed for normality using the Kolmogorov-Smirnov tests, and Levene test was used to assess equality of variances. Group comparisons were made using two independent sample t-tests for continuous variables with a normal distribution, the Mann-Whitney U test for continuous variables with a non-normal distribution, or the chi-square test or Fisher's exact test for dichotomous and ranked data. A value of p < 0.05 was used for all comparisons.
All statistical analyses were completed using SPSS, version 22.0 (IBM, New York, NY).
According to previous studies, a QoR-40 score of 10 or more differences was considered to be a clinically significant improvement or worsening of recovery quality. Based on our preliminary data, the variability (SD) of QoR-40 scores on the first day after breast cancer surgery was 15. The estimated sample size was 37 patients per group with a power of 80% at an α level of 0.05. We enrolled a final total of 50 patients per group, allowing for a 30% drop-out rate.
Results
Among 205 patients assessed for study participation between September 2018 and February 2019, 110 patients who provided consent were enrolled. A total of 95 patients were excluded from the study; among them, 73 patients did not meet inclusion criteria, 10 patients satisfied the exclusion criteria, and 12 patients declined to participate. A total of 100 patients were randomly assigned to the different groups, as seven patients cancelled the operation and three patients withdrew consent; 49 patients were allocated to group C, and 48 patients were Table 1 . There were no statistically significant differences in baseline data between the two groups.
Primary Outcomes
The global QoR-40 scores and subscores of each dimension for the two groups are shown in Table 2 . There were no differences between groups in global QoR-40 scores on POD1 (p = 0.139). Of the five dimensions, emotional state and pain scores were significantly higher in group K than in group C (p = 0.044 and 0.023, respectively). No differences were detected in preoperative data in both groups.
Scores for the three other dimensions on POD 1 were not significantly different between group C and group K.
Secondary Outcomes
Other surgery-related data are presented in Table 3 . Vital signs recorded during surgery, heart rate, peripheral oxygen saturation, and mean arterial pressure recorded at three time points did not exhibit significant differences between groups.
Propofol and remifentani consumption were not significantly different between groups (p = 0.952 and 0.176, respectively). There were no differences in emergence time and duration of PACU stay (p = 0.517 and 0.848, respectively) between groups.
The number of analgesics required by patients was similar between groups. Safety outcomes, such as delirium, nightmares, nausea, vomiting, and drowsiness were not significantly different between groups. No hallucinations or chills were observed in any of the participants (Table 4 ).
There ware no statisticaliy differences between groups in patients who received chemotherapy and radiotherapy ( Table 5 ). We evaluated the role of ketamine on chronic pain and neuropathic pain among female breast cancer patients after mastectomy. The incidence of CPSP (NRS 0) and neuropathic pain (DN-4 ≥4) after modified radical mastectomy were not significantly different between groups (p = 0.259 and 0.959, respectively). The ratio of neuropathic pain (NP) and CPSP was 73.9% in group C and 59.3% in group K, but the ratio was not significantly different between groups (p = 0.276). There were no differences in proportion of moderate or severe pain (NRS 3) (p = 0.685). As ketamine has anti-hyperalgesic effects, we listed the last item in DN-4 (allodynia) separately, but no significant difference was observed (p = 0.885).
Discussion
In this study, we did not observe any significant difference in patients who received continuous intraoperative low dose ketamine and control patients who did not receive ketamine, in terms of global core of QoR or chronic pain scores following mastectomy under total intravenous anesthesia. However, among the five dimensions, emotional state and pain scores were significantly higher in the group that received ketamine. To our knowledge, the present study is the first to report the effects of continuous intraoperatively administered low dose ketamine on quality of recovery using the QoR-40 survey and chronic pain with DN-4 among Asian female breast cancer patients after radial mastectomy.
When defining the quality of post-operative recovery, other aspects relating to postoperative recovery alongside pain control must be considered. For instance, patients' emotional and psychological state, physical comfort, and physical independence should be considered. The global QoR-40 is the first established and verified clinical tool for measuring functional recovery in the immediate postoperative period. Its scoring system contains five different dimensions and assesses pain as well as aforementioned aspects of recovery. While it is suggested that a minimum 10-point difference represents clinically relevant improvement in quality of recovery, 12 a recent study reported that a change of 6.3 can be the minimum clinically important difference. 13 In the present study, median QoR-40 scores in group K were approximately 3 higher than those in group C at POD1, but this difference was not statistically significant. Nevertheless, as the median difference in QoR-40 between the two groups was only 3 and the minimum clinically important difference is at least 6.3, expanding the sample size to observe a greater effect may be worthwhile and should be considered in future studies. Further statistical analysis of each QoR-40 dimension may offer additional valuable information. Thus, we conducted statistical analysis of each dimension of QoR-40 between groups. This revealed that the ketamine group has higher emotional state and pain scores than those in the control group. These data indicate that ketamine may help to improve patients' mood and analgesia but may not be beneficial for other aspects of the recovery.
By activating NMDA receptors, persistent nociceptive input can lead to pain sensitization. The mechanism of ketamine-induced anti-hyperalgesia is predominantly by noncompetitive antagonism of the NMDA receptor. This promotes structural synaptic connectivity thereby leading to prolonged antidepressant effects. 14 Opioid-induced hyperalgesia (OIH) refers to the long-term application of opioid analgesics, and the damage caused by peripheral tissue damage or inflammation has a strong nociceptive response to noxious stimuli, and NMDA receptors play a key role in OIH. As an NMDA receptor antagonist, ketamine is thought to prevent or reduce OIH, thus reducing the use of analgesics and the adverse effects of OIH. Ketamine was also shown to reduce hyperalgesia, prevent opioid tolerance in animals, 15 reduce morphine resistance in humans, 16 and decrease morphine consumption after transthoracic lung and heart surgery. 17 A high-quality systematic review reported that perioperative use of ketamine could reduce opioid consumption and time to the first analgesic request. 18 The incidence of post-mastectomy chronic pain is substantially higher than in other types of surgery, ranging from 20 to 50%. 3, 19, 20 The presence of chronic pain affects the quality of recovery from surgery trauma and results in poor quality of life. The NRS is used for assessing the quality and intensity of chronic pain, and the DN-4 is the most widely used tool for screening neuropathic pain. 11 Due to the predominance of the neuropathic component of pain 21 which is linked to the activation of NMDA receptors, it is believed that drugs blocking NMDA receptors may be effective in the treatment of patients with post-mastectomy chronic pain syndrome. However, in the present study, we did not observe any difference in the incidence of CPSP or NP between group K and group C.
There are several reasons for the fall of ketamine treatment in patients' recovery and chronic pain. First, the timing, dose, and type of infusion of ketamine administration are critical factors modulating its effects. Subanesthetic doses of ketamine have sufficient analgesic efficacy by inhibiting NMDA receptor-mediated pain facilitation following noxious stimuli. In contrast, high doses of ketamine may lead to more severe side effects, such as the emergence of hallucinations and nightmares, thereby limiting its use. 6 Since the clinical analgesia block provided by a bolus injection of ketamine at a dose of 0.15 mg/kg would last for less than 5 mins, continuous intravenous infusion of ketamine throughout the operation and even into the recovery period would be needed for greater effectiveness. 22 Besides, subanesthetic ketamine administered only intraoperatively is unlikely to cause major psychomimetic adverse effects, while postoperative infusions are associated with limited and reversible psychomimetic adverse effects. 23 So in the present article, considering the side effects caused by higher and long-term administration of ketamine, we administered a bolus dose of subanesthetic ketamine followed by continuous intravenous infusion only until the end of the surgery. The dosage we selected in this article mainly referred to the study in rectal adenocarcinoma surgery. 24 But we did not observed similar positive results, considering surgery types differ, especially the sensory nerve injury or damage is small in rectal surgery, the pathophysiology of chronic pain is not the same. In a future study, the dose of ketamine or the length of infusion may have to be increased to achieve better outcomes. Another reason may be that other analgesics, such as nonsteroidal anti-inflammatory drugs and glucocorticoids, were not restricted between groups, which may also have the ability to block NMDA receptors and reduce the differences in recovery quality and analgesia effects between groups. Thus, when the administration of multimodal perioperative analgesia is adequate, ketamine may become ineffective or even unnecessary.
There are several limitations of our study. First, we only conducted the trial on healthy female participants, thus we cannot generalize our findings to the general population, including those with severe illness. Second, we excluded subjects with a history of chronic pain or those taking analgesics before surgery as this population would introduce a bias in the subject sample in this prospective randomized clinical trial. A recent study has highlighted a possible role for ketamine in opioiddependent chronic pain patients. 25 Patients in ketamine group had significantly reduced postoperative morphine consumption and better outcomes at 6 months, so the effect of ketamine in opioid-dependent patients is worthing exploring. Third, we did not evaluate whether the treatment would benefit quality of recovery beyond 24 h, although ketamine did not significantly facilitate patients' recovery one day after surgery. Finally, although this study was adequately powered to detect a difference in the primary outcome, it may not have had sufficient power to detect differences in chronic pain control. Further studies should evaluate higher doses or extend the administration of ketamine into the recovery period in both male and female patients.
Conclusion
In conclusion, intravenous ketamine during surgery did not promote superior overall quality of recovery by preventing physiologic deterioration related to anesthesia and mastectomy. Further, it did not improve chronic pain related to surgery.
Therefore, based on this study, intravenous low dose ketamine did not benefit female patients overall quality of recovery or chronic pain undergoing breast cancer surgery. 
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